Abstract: In this paper, we investigate functorial relations between Alexandrov fuzzy topologies and upper approximation operators in complete residuated lattices. We present some examples.
Introduction
The relationship between rough set theory and topological spaces was investigated in sets [8] . Hájek [2] introduced a complete residuated lattice which is an algebraic structure for many valued logic. It is an important mathematical tool for algebraic structure of fuzzy contexts [1-7, 9,10, 13-16] . Höhle [3] introduced L-fuzzy topologies and L-fuzzy interior operators in complete residuated lattices. Kim [5] [6] [7] investigated the properties of upper approximation operators induced by Alexandrov fuzzy topologies in complete residuated lattices in a sense as Höhle's L-fuzzy topologies and L-fuzzy interior operators.
In this paper, we investigate functorial relations between Alexandrov fuzzy topologies and upper approximation operators in complete residuated lattices. We give their examples.
Preliminaries
Definition 2.1. [1] [2] [3] A structure (L, ∨, ∧, ⊙, →, ⊥, ⊤) is called a complete residuated lattice iff it satisfies the following properties:
(L1) (L, ∨, ∧, ⊥, ⊤) is a complete lattice where ⊥ is the bottom element and ⊤ is the top element; (L2) (L, ⊙, ⊤) is a commutative monoid; (L3) an adjointness property holds,i.e., for all x, y, z ∈ X,
In this paper, we assume that (L, ∨, ∧, ⊙, →, * , ⊥, ⊤) be a complete residuated lattice with a strong negation * . Definition 2.2. [9,10] Let X be a set. A function R X : X × X → L is called a fuzzy preorder if it satisfies the following conditions:
is a fuzzy preordered set. 
be a complete residuated lattice with a strong negation * . For each x, y, z, x i , y i ∈ L, the following properties hold.
(
Theorem 2.7. [5] [6] [7] Let T : L X → L be an Alexander fuzzy topology. Define T * (A) = T(A * ). Then T * is an Alexander fuzzy topology.
Then we have the following properties.
Then T H T X = T X is an Alexandrov fuzzy topology on X.
There exists an Alexandrov fuzzy topology T r T X such that
Then T T X = T X = T H T X is an Alexandrov fuzzy topology on X.
3. The functorial relations between Alexandrov fuzzy topologies and upper approximation operators Theorem 3.1 Let T X and T Y be an Alexandrov fuzzy topologies on X and Y , respectively. Let f : X → Y be a map. Then the following statements are equivalent.
(3) ⇔ (5). By Theorem 2.8 (3) and (3), there exist fuzzy preorders R r
Y.C. Kim (7) ⇔ (9). By (7), put B = f (A). Then (A, r) ). H T Y (B, r) ).
(7)⇒ (11).
, the result holds.
(15) ⇔ (1). By Theorem 2.8 (9), it easily proved from T T X = T X and
Other cases are similarly proved.
, ⊙, →, * ) be a complete residuated lattice with a strong negation defined by
Let X = {a, b, c, d} and Y = {x, y, z} be a set. Define a map f : X → Y as
Define fuzzy preorders R X ∈ L X×X and R Y ∈ L Y ×Y as follows:
Then T Y is an Alexandrov fuzzy topology from: (10, 15) . Since H T Y (1 y , r)(z) = {B(z) ∈ L X | 1 y ≤ B, T Y (B) ≥ r * }, then
